&tiiy with a t&h mortality rate. In Qrevlaur studii, the identity of lb+ tissue obslncting the ventricular Less frequently, the defect may be unusually small orappear to be so as a result of obstruction by a hypatmpbied septal band W,R,12). Delineation of the pathologic anatomy may be of prognostic importance and may reduce surgical risk (14). The identity ofthe obstructing tissue has not frequently been determined by angiography before surgery or necropsy (9.11,lZL Echocardiographic findings have been reported 
studii, the identity of lb+ tissue obslncting the ventricular Tetralogy of Fallot is generally characterized by an unrestrictive malalignment-type ventricular septal defect (I). Tetmlogy of Fallot with a restrictive ventricular septal defect and suprasystemic right ventricular pressure is an uncommon entity (Z-14) with a relatively high operative mottality rate (6-9.12). Postmortem studies (2,4,6.7.%13) have demonstrated two primary mechanisms for restriction of the size of the ventricular septal defect; the most frequent is obstruction of the usual defect by abnormal tricuspid valve tissue.
Less frequently, the defect may be unusually small orappear to be so as a result of obstruction by a hypatmpbied septal band W,R,12). Delineation of the pathologic anatomy may be of prognostic importance and may reduce surgical risk (14). The identity ofthe obstructing tissue has not frequently been determined by angiography before surgery or necropsy (9.11,lZL Echocardiographic findings have been reported (14) previously in only one case of tetralogy of Fallot with restrictive ventricular septal defect. This report presents the echocardiographic and anatomic features of four cases of tetralogy of Fallot with restrictive ventricular septal defect and suprasystemic right ventricular pressure.
Methods

Patient wktion.
The cardiac catheterization records were reviewed of all patients with unrepaired tetralogy of Fallot undergoing cardiac catheterization at our institution from January 1982 to February 1986. Patients were selected if catheterization and aniography revealed tetralogy of Fallot or tetralogy of Fallat with pulmonary atresia and a right ventricular peak systolic pressure that exceeded the left ventricular or sonic peak systolic pressure by at least IO mm Hg. One patient (Case 4) WBS included on the basis of catheterization data from another institution that met the selection criteria and echocardiographic and surgical observations from our hospital. Incidence and clinical murse (Table I) . Between January 19R2 and February 1986.269 patients with unrepaired lefralogy of Fall01 (with or without pulmonary atresia) underwent intracardiac surgical repair at our institution. During this time. three patients (Cases I to 3) with tetralogy of Fall01 undergoing cardiac catheterization at our institution and an additional patient (Case 4) referred for surgery (with cathe. terization performed elsewhere) were demonstrated to have a restrictive ventricular septal defect and suprosystemic right ventricular pressure. All four patients were studied at our institution by two-dimensional echocardiography and had findings typical for tetralogy of Fallot. Additional defects in these four patients included pulmonary atresia Kases I, 2 and 4). multiple ventricular septal defects (Case 4) and valvular sonic stenosis (Case I).
The periopetotive mortality rate for intracardiac repair was considerablv higher in i'le four oatients with tetralocv of Fallot with an bbs&cted venttic& septal defect (cpa. tients, 75%) than in the 265 oatients (I6 oatients. 6%) with rm unobstructed ventticular &p&l defect &tcludioS those with pulmonary atresia, absent pulmonary valve, multiple ventricular seplal defects and other associated anomalies). The presence of additional anomalies, particularly pulmonary atresia. may have contributed to the hisher mortality rate in 30 day 'surgical mortality rate for intracardiac repair of tetralogy of Fall01 in patients with pulmonary atresia and an unres'rictive veotricular septal defect was IS% (7 of471 in compa,ison with 61% (2 of 3) in patients with an ~bsttucted ventricular septal defect. The smal! cumher of patients with olstwted veotricolar septal defect preclude': meaningful statist&d aoalysis.
Mechatdsms of obnlntction of the ventrietdur septal defeei. One patient (Case I) had tetralogy of Fallot, pulmonary alresia sod a severely slenotic bicommissural aottic valve with marked hypertrophy ,uf the left ventricle. Twodimensional echocardiography showed that the ventricular septal defect was abnormally small, especially during systole (4 mm diameter). as o result of hyoenroohy of the ventricular septum alonp the inferior rim if the-d&t. particularly the seplal band (Fig. I) . The patient died after aortic valvotomy and repair of the right~ventricular outflow tract at I month of age. At autopsy, the veniricular septal defect was small, in port because of impingcmcnt along the inferior border by a prominent tight posterior division of the septal In three of rhe four pafien!s. eckucnrdi~gmph~ dw,ow sfrated ohsrrrwrion of fhe rentricabr srptul d&r by rriwrpid w/w tissue. billowing across the ventricular septal defect into the left ventricular outflow tract during syrtole (similar to a spinnaker sail). This was best visualized in the subxiphoid and para~temat long-axis views. In two of these patients (Cases 3 and 4). the obstruction was caurcd by a pouch ofaccewxy tricuspid valve tissue. which was ruperim to and distinct from the three leatlcts of the tricusptd valve, but with attachments to the crest of the ventricular septum and the parielal band (Fig. 3) . In one patient (Case 41 with serial echocardiographic examinations. the ecbocardiographic appearance of the accesnory tricuspid tissue did not change from 2 days to I9 months of age. Direct observation at surgery (Cases 3 and 4) and autopsy K&e 3) confirmed partial obstruction of the ventricular septal defect by accek wry tricuspid valve tissue that was separate from. but widely continuous with. the anterior leaflet of the tricuspid valve and that had chordal attachments to the infundibular septum (Fig. 4) .
The ventricular septal defect was obstructed in one patient (Case 2) by an abnormally redundant outpouching uf valvelike tissue continuous with the scptat leaflet of the tricuspid valve (Fig. 5) . At autopsy the tricuspid valve appeared myxomataus and immature. An unusually praminent spinnaker-shaped infundibulnr leaflet of the tricuspid valve wa, adjxent to the anterior border of ,hc \cpta, l~%i and protruded into and partially obrtructed the ventricular se;!%! dcfcc! (Fig. 6) . Although the tricwpid wtve ti~uc projected into the left ventricular outflow tract during ~y\tole in all three of these patients. in none did this tissue produce any phyGlogicatly significant axair of the tcft wntricular outflow ~rdct. ds determined by Doppler echocardiography and carhetenzation.
A Jfrfrli i UIP KYurr 5, ir ,msenrrd hewrm~ of rhr miqw rnerbonirrn rrsppomiblr for obrrmoim r~f the wnrrindar rep/a/ d&t. The iifant died at 4 months of age-after a left BlakxkTaussig shunt procpdure. Examination of the heart spewnen demonstrated tetmtogy of Fallot, Ebstein'r anumaly of the tricuspad VUIYC, secundum atrial septal defect and a per&t-co! icf! superior vecn cave connected to the coronary sinus.
An unusual outpouching of the malformed rentat leaflet of the tricuspid valve protruded into and covered the ventricular septal defect (Fig. 7) . Angiographii findings. Angiography demonstrated the small we of the ventricular septal defect in Case I and obstruction of the defect by tricuspid valve t&sue in Case 2.
In the two patiemr with accessory tricuspid tissue. either no obitructinp ussue could be seen or the nature of the tissue could not tie identified by angiography.
Dismssion
Incidenre. Tetralogy of Fallot with restrictwe venlncular septal defect and supraaystemic right ventricular pressure IS on uncommon anomaly with a relatively high monality rate tLI4I. Our experience has been similar LO that previously reported, with an occurrence of renricdve vemricular septal defeEi in 4 (1.5%) of 26Y patients undergoing intracardiac repa r of tetmtogy of Pallot (with or without pu1mona.y awri~ at our institution over a 4 year period. and adjacent to the anterior portion of the seplal leaflet in Case 2. Howe"er. all three cases were similar in that the obstructing tissue was located between the septal and ante.
rior leaflets of the tricuspid valv? (that is, involving the "infundibular leatlet," also known as the medial portion of Diagoortic stodieo. Angiography ma\ not distinguish the doatomic basis for aneurysmal obstruction of ventricular septal defect (31-33). Angiography identified the obstructing tissue in only two of our four casts. Echocardiography, however. detected the presence and anatomic mechanism of obstruction of the ventticular septal defect in all four of the four patients with tetralogy of F&t found at cardiac cathetenzat~on to have restrictive ventticular sepal defect.
Factors that may itdltwxe mortality. Patients with tetnlogy of Fallot with an ohsttwted ventriculat septal defect have been recopired previoosly (6-9.12.14) to have a high mortality rate similar to that seen in our series. Inaccurate preoperative anatomic diagnosis has been propased as a contributing factor (14). Nevertheless, there appeared to be an elevated mortality rate in our patients (75%) in can@-son with our overall experience (of only 6%) with tett'tdogy of Fallot despite accurate preoperative diagnosis. had absence of the right coronary ostiom and abnormal right and posterior descending coronary arteries with sinusoidal connections to the right ventricle. The constellatiott of a small hypertensive right ventticle, coronary angiopathy and documented ventricular arrythmia is reminiscent of pulmonary atresia with intact ventricular septum (37) and suggests a similar pathophysiologic pr~ess involving myocardial ischemia. A refent study (38) demonstrated histologk evidence of myo-ardial ischemia in hearts with pulmonary atresia and an intact ventticular septum in the absence of coronary artery fislula or dyrplasia. Although macroscopic coronary anomalies or myoardial infarcts were pot evident in the three other
